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ABSTRACT: The segregation of the causal muta-
tion (mh) in the muscular hypertrophy gene in 
dual-purpose Belgian Blue (dpBB) cattle is consid-
ered to result in greater calving difficulty (dystocia). 
Establishing adapted genetic evaluations might over-
come this situation through efficient selection. 
However, the heterogeneity of dpBB populations at 
the mh locus implies separating the major gene and 
other polygenic effects in complex modeling. The 
use of mixed inheritance models may be an interest-
ing option because they simultaneously assume both 
influences. A genetic evaluation in dpBB based on a 
mixed inheritance model was developed for birth and 
conformation traits: gestation length (GL), calving 
difficulty (CD), birth weight (BiW), and body confor-
mation score (BC). A total of 27,362 animals having 
records were used for analyses. The total number of 
animals in the pedigree used to build the numera-
tor relationship matrix was 62,617. Genotypes at the 
mh locus were available for 2,671 animals. Missing 
records at this locus were replaced with genotype 
probabilities. A total of 13,221 (48.3%) were regis-
tered as dpBB, 1,287 (4.7%) as beef Belgian Blue, and 
12,854 (47.0%) were unknown. From those 13,221 
dpBB animals, 650, 849, and 534 had double or single 
copies or no copy, respectively, of the causal muta-
tion (mh) in the muscular hypertrophy gene, whereas 
11,188 had missing genotypes. This heterogeneity at 
the mh locus may be the reason for high variability in 
the studied traits, that is, high heritability estimates of 
0.33, 0.30, 0.38, and 0.43 for GL, CD, BiW, and BC, 
respectively. In general, additive (P < 0.05) and domi-
nance (P < 0.001) allele substitution for calves and 
dams had significant impact for all traits. The moder-
ate coefficient of genetic variation (27.80%) and high 
direct heritability (0.28) for CD suggested genetic 
variability in dpBB and possible genetic improvement 
through selection. This variability has allowed dpBB 
breeders to successfully apply mass selection in the 
past. Genetic trend means from 1988 to 2016 showed 
that sire selection for CD within genotype was pro-
gressively applied by breeders. The selection intensity 
was more important for CD in double-muscled lines 
than in segregated lines. Our study illustrated the pos-
sible confusion caused by the use of major genes in 
selection and the importance of fitting appropriate 
models such as mixed inheritance models that com-
bine polygenic and gene content information.
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INTRODUCTION
The Belgian Blue breed used to be a dual-purpose 
breed called “Mid and Upper Belgium Breed.” From 
the 1950s to the 1980s, beef selection by breeders led to 
unintentional fixation of the causal mutation of the mh 
in the muscular hypertrophy gene. This allele was later 
discovered to be responsible for muscular hypertrophy 
in cattle (Grobet et al., 1997). Afterward, selection con-
tinued to be performed using additional polygenic varia-
tion to establish the current meat type. Meanwhile, to 
highlight this substantial change in morphology, breed-
ers decided to modify the breed name to “Belgian Blue”. 
A small population remained, representing the original 
breeding goal, and known today as dual-purpose Belgian 
Blue (dpBB). This population has average milk yield 
and fat percentage of 4,222 kg and 3.63%,  as report-
ed in the 2015 milk yearly survey by the International 
Committee for Animal Recording (ICAR; http://www.
icar.org/index.php/publications-technical-materials/
milk-yearly-surveys-cow-sheep-goats; accessed 21 July 
2017). Therefore, the Belgian Blue breed is now com-
posed of 2 strains: 1) beef Belgian Blue (bBB) in beef 
herds and 2) dual-purpose (dpBB) in milking herds. As 
long as we expect more than 99% of bBB to be mh/mh, 
these animals can be considered homozygous at the mh 
locus. This is due to massive selection for high muscling 
in the past. In the dpBB population, 3 genotypes (+/+, +/
mh, and mh/mh) segregate due to significant selection 
for beef conformation applied by breeders.
The mh allele segregation in dpBB is associated with 
greater calving difficulty (dystocia), especially if com-
pared with other dual-purpose breeds such as Normande 
or Montbeliarde (Bleul, 2011). Dystocia can heavily con-
tribute to losses in cow productive and reproductive per-
formances. In addition, breeders can have milking herds 
composed of bBB and dpBB animals, even if bBB cows 
are not usually milked. Therefore, this is another fact that 
contributes to dystocia in dpBB populations. This led to 
higher replacement rates in farms and has made dpBB 
breeders care about calving difficulty phenotypes.
Local adapted breeds such as dpBB can be popular 
in organic farms in Belgium; however, a high frequen-
cy of dystocia would prevent the use of any locally 
adapted breed because they are obliged to discard ani-
mals with such a problem. Establishing adapted genetic 
evaluations might overcome this situation through ef-
ficient selection. However, the heterogeneity of dpBB 
populations at the mh locus implies separating major 
gene and other polygenic effects in complex modeling. 
The use of mixed inheritance models (van Arendonk et 
al., 1999) might be an interesting option because they 
simultaneously assume both influences. This model 
can avoid bias in breeding values estimation.
Birth traits are the result of direct and maternal ge-
netic components (Philipsson et al., 1979; Varona et al., 
1999). The use of correlated traits such as conforma-
tion (body conformation score) and other birth traits 
(birth weight and gestation length) can be used to in-
crease calving difficulty prediction accuracy (Lee et al., 
2002). To our knowledge, genetic parameters have been 
reported for milk yield (Buske et al., 2011) and meth-
ane indicators based on milk fatty acids (Kandel et al., 
2012) in dpBB. However, studies in birth and confor-
mation traits are still scarce. Relevant reports in the in-
fluence of muscular hypertrophy in dpBB (Buske et al., 
2011) and also bBB (Gengler et al., 1995; Coopman et 
al., 2007) populations have been stated; a simple meth-
od to approximate gene content applied to the myostatin 
gene in dpBB cattle was proposed by Gengler et al. 
(2007), reinforcing the importance of this causal mu-
tation. However, these studies have used neither birth/
conformation traits nor mixed inheritance models to 
overcome the complex modeling of mh.
Toward this orientation, we aimed to evaluate 
gestation length (GL), calving difficulty (CD), birth 
weight (BiW), and body conformation score (BC) of 
the calf traits adapted to the dpBB population using a 
mixed inheritance model. We estimated variance and 
covariance components, direct and maternal herita-
bilities, and genetic correlations; verified the additive 
and dominance causal mutation (mh) impact on mus-
cularity; and analyzed the genetic structure of dpBB 
cattle using genetic trend means to provide informa-
tion of concern to breeding.
MATERIALS AND METHODS
Data
Data were provided by the bBB and dpBB per-
formance recording scheme of the Walloon Breeding 
Association (Ciney, Belgium). Data were collected 
between 1988 and 2016 and included records of GL, 
CD, BiW, and BC on dpBB and bBB milking cattle. 
Normality was checked only for GL and BiW because 
CD and body conformation are discrete traits and do 
not follow a normal distribution. Gestation length and 
BiW followed a normal distribution whereas any type 
of transformation applied for CD and BC has been 
suggested to have negligible effects on heritability es-
timates (Abdel-Azim and Berger, 1999) and there is 
no clear advantage (Vanderick et al., 2014).
Gestation length was calculated as the difference in 
days between calf birth date and cow service date. The 
latter date was provided by the inseminator or breeder 
(private AI or natural service). Observed BiW (in kg) 
and CD were provided by breeders at birth. Calving 
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difficulty records consisted of 4 classes: 1) easy, 2) 
easy with help, 3) hard with help, 4) and caesarean sec-
tion. Body conformation records were defined as a sin-
gle observation based on visual meat inspection of the 
hip, back, and shoulders. Body conformation scores 
consisted of 9 linear scores (1 = very low meat and 9 = 
very high meat). Body conformation score assessments 
were performed by 80 trained technicians or breeders. 
The average number of observations per technician 
was 221. In general, BC should be recorded up to 120 d 
after birth. However, BC could be recorded over longer 
periods after birth. In our study, BC were recorded up 
to 10 mo old. These records were considered correlated 
to the birth traits for a given animal.
The raw data contained 28,346 cows having re-
cords for at least 1 of the studied traits (GL, CD, BiW, 
and BC). The bBB cows presented in some milking 
herds were not excluded, because according to herd 
calving performance, the management of CD is con-
sidered more relevant at the herd than the individual 
level. Belgian Blue herds with at least 10% dpBB 
cows, no more than 80% caesarean sections, and 
a minimum of 12 animals remained in our data set. 
The 80% cesarean section threshold was used to take 
into account more extreme dual-purpose herds, giving 
more emphasis on beef traits. This calving criterion 
did not allow the selection of pure bBB herds that usu-
ally present a high level of cesarean sections.
In the present study, data editing was more strict 
than in Vanderick et al. (2017). We kept all calving 
records in these herds, even if one parent was defined 
as bBB. This was done to maintain large-enough herd 
classes and to allow an average estimation of CD for 
bBB sires, although these sires might be considered 
somewhat different from those used by pure beef breed-
ers. This strategy is also in agreement with breeders’ 
current practices, because mating between the 2 herd-
book strains still occurs. The number of the remaining 
herds was 119 and the average number of animals per 
herd was 59.40. A total of 27,362 animals, 18,080 fe-
males and 9,282 males, having records remained after 
data editing. The number of observations was 20,048, 
27,059, 24,270, and 17,705 for GL, CD, BiW, and BC, 
respectively. The last trait was the only trait that pre-
sented repeated measures. A total of 16,649 and 528 an-
imals had 1 and 2 BC records (X̄ = 0.65), respectively.
The animals were born between 1988 and 2016 
and originated from 1,066 sires and 13,095 dams, with 
up to 23 generations of pedigree depth. The number of 
observations per dam varied from 1 to 23 (X̄ = 3.01), 
whereas the average number of progeny per dam was 
2.00. The total number of animals in pedigree used to 
build the numerator relationship matrix was 62,617. 
The average inbreeding of these animals was 1.01%. A 
detailed breakdown of the descriptive statistics of the 
final data and pedigree is presented in Table 1.
The dam ages (range 24–96 mo) and parities (3 
levels) were grouped into a single fixed effect end-
ing up in 30 combinations. Four seasons of calving 
were used: 1) September to November, 2) December 
to February, 3) March to May, and 4) June to August.
Genotype Probabilities
Deoxyribonucleic acid was extracted from hair 
samples to determine genotypes in the disruptive 
mutation nt821 of the myostatin gene. The PCR fluo-
rescence method was applied to test the presence of 
mutation in the myostatin gene: marker nt821in dpBB 
and C313Y in bBB.
Genotypes were acquired on 2,671 animals, and 
therefore, the genotype status at the mh locus was not 
available for all animals and missing values were re-
placed with genotype probabilities. From the 2,671 
genotyped animals, a total of 2,007 (682 mh/mh, 829 
mh/+, and 496 +/+) had records; 2,029 were dams 
(610 mh/mh, 871 mh/+, and 548 +/+) and 249 were 
sires (100 mh/mh, 90 mh/+, and 59 +/+).
The genotype probabilities were estimated from 
genotype records of typed relatives using a Markov 
chain Monte Carlo method. The applied program Citius 
(http://jay.up.poznan.pl/~mcszyd/citius/index.html; 
accessed 21 July, 2017) jointly sampled the whole 
Table 1. Descriptive statistics of the data




Final pedigree file 62,617
Sires with progeny records 1,066




Herds × year of birth 1,103
Sex 2
Season of birth 4
Dam age × dam parity 30
Technicians 80
Animal age, mo 10









genotype configuration for the complete pedigree using 
the Metropolis–Hastings algorithm. The samples were 
drawn from the approximated probability, calculated 
by the use of the exact sample (Heath, 1998) and it-
erative peeling algorithms (van Arendonk et al., 1989). 
Markov chain Monte Carlo was implemented by saving 
every second cycle 
from a total of 10,000 
cycles, after 1,000 
cycles of burn-in. 
The posterior prob-
abilities were then 
used to calculate the 
expected mh allele 
content and heterozy-
gosity coefficient of 
each nongenotyped 
animal (Legarra and 
Vitezica, 2015).
Mixed Inheritance Model
The following multitrait animal mixed inheritance 
model was used:
y = Xb + qoso + hodo + qmsm + hmdm + 
Wt + Zope + Zmpm + Zouo + Zmum + e,  [1]
in which y is a vector of GL, CD, BiW, and BC observa-
tions; b is a vector of fixed effects, that is, herd (119 lev-
els), season of birth (4 classes), sex, dam age × dam 
parity (30 levels) for all traits, and also the continuous 
age of the animal (from 1 to 10 mo old) and technician 
(80 levels) for BC; qo and qm are vectors of known or 
estimated number of mh alleles (gene content) of off-
spring and dam, respectively; so and sm are the random 
additive allele substitution related to offspring and dam 
genotypes, respectively; ho and hm are vectors of known 
or estimated heterozygosity for the mh allele of offspring 
and dam, respectively; do and dm are the random domi-
nance allele substitution of mh/+ related to direct effect 
of offspring and effect of dam genotypes, respectively; t 
is a vector of random herd × year of birth (1,103 levels); 
pe is a vector of animal random permanent environment 
effect (fitted only for BC); pm is a vector of dam random 
permanent environment effect; u0 is a vector of random 
direct additive genetic effect; um is a vector of random 
maternal additive genetic effect; e is a vector of random 
residuals; and X, W, Zm, and Zo are incidence matrices 
relating observations to corresponding effects.
At the same time, using the same data set, we estimat-
ed genetic parameters by fitting a model in which regres-
sion on mh effects was not included to compare results 
with model [1]. This model can be described as follows:
y = Xb + Wt + Zope + Zmpm + Zouo +  
Zmum + e. [2]
All terms of model [2] were previously reported.
Considering independence and normality of all 
random effects, the following assumptions were made:
[3]
in which G0 is the covariance matrix of direct additive 
genetic effect, Gm is the covariance matrix of maternal 
additive genetic effect, G0m is the covariance matrix 
between direct and maternal additive genetic effects, S0 
is the covariance matrix of calf additive allele substitu-
tion, Sm is the covariance matrix of dam additive allele 
substitution, D0 is the covariance matrix of calf domi-
nance allele substitution, Dm is the covariance matrix of 
dam dominance allele substitution, T is the covariance 
matrix of herd × year of birth effects, P is the covariance 
matrix of animal permanent environment effects, Q is 
the covariance matrix of dam permanent environment 
effects, R is the covariance matrix of residual effects, 
A is the numerator relationship matrix, I is an identity 
matrix, and ⊗  is the Kronecker product operator.
Herd effects were separated into global fixed and 
yearly random parts (t) to deal with small herd sizes; 
that is, we fitted this effect as random to be able to es-
timate herd–year effects for herd–years of small size 
or missing conformation scores. Treating herd–year as 
random might be better when the variance due to herd–
year is small (Nagy et al., 2004). Studies have been 
already fitted this effect as random in pigs (Nagy et al., 
2004) and dairy cattle (Vanderick et al., 2017). Buske 
et al. (2011) reported that improving genotype effects 
estimation requires large herds with sufficiently bal-
anced genotype frequencies.
Variance components were estimated through 
REML algorithms using the AIREMLF90 program 
(Misztal, 2008). The SE of variance were estimated us-
ing REML average information (Misztal et al., 2015).
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Following Vanderick et al. (2017), direct ( h0
2 ) and 
maternal ( hm2 ) heritability estimates as well as calf domi-
nance ( d02 ) and maternal dominance ( dm2 ) allele substitu-
tion variance ratios, for GL, BiW, and CD, were defined 
across herds and calculated, respectively, as follows:
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2 , and 
se
2  are the direct additive genetic, maternal additive 
genetic, calf additive allele substitution, dam additive 
allele substitution, calf dominance allele substitution, 
dam dominance allele substitution, herd × year of 
birth, direct permanent environment, dam permanent 
environmental, and residual variances, respectively; 
σ0m is the covariance between direct additive genetic 
and maternal additive genetic effects; 
0ms
s  is the cova-
riance between calf and dam additive allele substitu-
tion; and 
0md
s  is the covariance between calf and dam 
dominance allele substitution.
Due to the presence of repeated measures, the heri-
tability estimate for BC was the only accounting for the 
permanent environment variance (spe
2 ) in the denomi-
nator. Approximated SE for heritability and correlation 
estimates were accessed following Klei and Tsuruta 
(2008). Posteriorly, variance components estimates for 
the whole data set were obtained using direct sparse in-
version as implemented in the AIREMLF90 program 
(Misztal, 2008), which uses direct inversion of the coef-
ficient (C) matrix. This program allowed extraction of 
diagonal elements of C−1 for estimation of SE and pre-
diction error variances. Standard errors were then used 
to assess significance of additive and dominance allele 
substitution with a Student’s t-test as follows:
( )1/ 2obs /t C bbb′ ′=   k k k

, [8]
in which k is a contrast vector (with values equal to 0 
and 1 single value of 1 related to the tested fixed effect), 
Cββ is the variance of the vector of fixed effects, and b  
is the vector of fixed effects estimation. Here, the num-
ber of degrees of freedom of the tobs is approximated 
by N-rank(X) under the hypothesis that the residual and 
genetic variances are known (Croquet et al., 2006).
The coefficient of genetic variation (CGV) for all 
studied traits was also calculated to estimate the ex-
pected improvement through selection. The CGV was 




0 sCGV /t tXs s= + , [9]
in which CGVt is the CGV of the trait t, X  is the pheno-
typic mean of the trait t, s0




ss  is the calf additive allele substitution variance.
We calculated weighted EBV based on their cor-
responding reliabilities to evaluate the selection inten-
sity so far used for CD. Those values were estimated 
for each group of purpose (dpBB and bBB) and mus-
cular hypertrophy gene status (mh/mh, mh/+, and +/+). 
The reliabilities of direct and maternal breeding values 
were calculated as follows:
ri
2 = 1 − (PEV/σ2),  [10]
in which r2 is the reliability for animal i, PEV is the 
corresponding prediction error variance given by di-
rect inversion of the coefficient matrix, and σ2 is the 
direct additive genetic (s0





From the animals having records (27,362 ani-
mals), 13,221 (48.3%) were registered as dpBB, 1,287 
(4.7%) as bBB, and 12,854 (47.0%) as unknown. 
From these 13,221 dpBB animals, 650, 849, and 534 
had double or single copies or no copy of mh, respec-
tively, whereas 11,188 had missing genotypes. Among 
the 27,059 calving records, out of the 84.3% of dams 
Table 2. Distribution of calving difficulty records 
according to sire and dam herdbook type1
Sire
Type bBB dpBB Unknown Total
































1dpBB = dual-purpose Belgian Blue; bBB = beef Belgian Blue.
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registered as dpBB, less than 2% were mated to bBB 
sires (Table 2). As long as bBB animals are homozy-
gous for the muscularity hypertrophy gene (mh/mh), 
it is essential to identify bBB sires/dams to better un-
derstand the CD incidence. The knowledge about CD 
enables us to target mating to reduce dystocia rates.
Tables 2, 3, and 4 add information about herdbook 
type influence on phenotypic means. Although pheno-
typic means for GL across mh genotype remained quite 
stable, that is, range 280.95 to 282.81 d for calves and 
279.57 to 281.55 d for dams (Table 3), BiW (Table 3), 
CD (Table 4), and BC (Table 5) appeared to be more in-
fluenced by type (bBB vs. dpBB) and/or genotypes (mh/
mh vs. +/+ or mh/+). A very small subset (2,034 animals) 
of the pure bBB population was found in dual-purpose 
milking herds, and dpBB animals showed less extreme 
double muscling (mh/mh) due to the particular breeding 
goals of dual-purpose breeders (Table 4). These results 
cannot represent the global bBB population.
The phenotype means of BiW, CD, and BC were 
similar for +/+ and mh/+ calves (Tables 2, 3, and 4). 
On the other hand, BiW and BC means increased for 
mh homozygous animals and decreased for CD. Similar 
tendencies were observed for dams. The BiW mean of 
mh/mh dpBB (44.33 kg) was similar to that of mh/mh 
bBB (44.55 kg), whereas CD caesarean section rates 
were different, that is, 33% for dpBB and 75% for bBB.
Genotype Probabilities
As previously mentioned, after extraction, the 
pedigree consisted of 62,617 animals, with 2,671 
genotyped for double muscling. The genotype fre-
quencies were 32, 36, and 32% for +/+, mh/+, and mh/
mh, respectively. All 59,946 nongenotyped animals 
had genotype probabilities estimated. However, only 
4,650 had mh status determined with 100% of prob-
ability based on the genotypes of their parents. The 
number (frequency) of +/+, mh/+, and mh/mh animals 
were 1,226 (26.3%), 473 (10.2%), and 2,951 (63.5%), 
respectively. A total of 3,668 out of the 4,650 were 
dams (820 +/+, 717 mh/+, and 2,131 mh/mh).
The estimated mh/mh frequency in the pedigree 
increased from 50 to 65% for animals born from 1988 
to 1997 (Fig. 1). This frequency decreased to 38% in 
2006, when +/+ and mh/+ genotypes became more fre-
quent. The new participation of dpBB breeders in the 
herdbook, started in 1998 and stimulated by Walloon 
Region Ministry of Agriculture (Namur, Belgium), 
was responsible for this phenomenon due to prefer-
ences of these breeders for +/+ or mh/+ animals.
Table 3. Mean (SD) and the number of records (NR) used to calculate each mean for birth weight and gestation length 





NRType Mean (SD) Type Mean (SD)
bBB mh/mh 44.55 (7.24) 1,134 bBB mh/mh 44.34 (7.39) 522
dpBB +/+ 39.08 (5.47) 459 dpBB +/+ 39.13 (5.51) 392
dpBB mh/+ 39.61 (6.64) 719 dpBB mh/+ 39.12 (6.32) 565
dpBB mh/mh 44.33 (6.66) 544 dpBB mh/mh 43.44 (6.21) 386
dpBB unknown/unknown 41.68 (7.32) 10,214 dpBB unknown/unknown 41.65 (7.08) 4,362
Unknown +/+ 40.00 (0.00) 1 Unknown +/+ N/A1 0
Unknown mh/+ 41.70 (9.55) 10 Unknown mh/+ N/A 0
Unknown mh/mh 46.18 (7.05) 33 Unknown mh/mh N/A 0





NRType Mean (SD) Type Mean (SD)
bBB mh/mh 281.12 (5.87) 906 bBB mh/mh 280.90 (5.46) 443
dpBB +/+ 280.95 (6.10) 431 dpBB +/+ 280.98 (5.89) 369
dpBB mh/+ 281.68 (5.69) 666 dpBB mh/+ 281.44 (5.55) 521
dpBB mh/mh 281.83 (5.22) 530 dpBB mh/mh 281.44 (5.08) 384
dpBB unknown/unknown 281.82 (5.88) 7,557 dpBB unknown/unknown 281.55 (5.61) 3,435
Unknown +/+ N/A 0 Unknown +/+ N/A 0
Unknown mh/+ 282.78 (5.21) 9 Unknown mh/+ N/A 0
Unknown mh/mh 282.81 (5.37) 31 Unknown mh/mh N/A 0
Unknown unknown/unknown 282.06 (6.21) 9,918 Unknown unknown/unknown 279.57 (5.73) 358
1N/A = non applicable.
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Effects of the Muscular Hypertrophy Gene
Our results confirmed that additive and dominance 
allele substitution for calf genotype had a significant 
impact on GL, BC, and CD (P < 0.05; Table 6). For 
BiW, additive allele substitution for calf genotype was 
not significant but significance was observed in domi-
nance (−8.69; P > 0.05). Regarding maternal effects, 
additive and dominance allele substitutions were high-
ly significant (P < 0.001) for all traits (Table 6).
The muscular hypertrophy gene has a known major 
impact on muscularity (Grobet et al., 1997), and it ap-
pears to influence CD due to likely correlation between 
muscularity and this trait. The effect of this major gene 
on muscularity is considered partially recessive for 
conformation traits, with the heterozygote closer to 
the wild genotype (Hanset and Michaux, 1985a,b). We 
should, therefore, expect that mh/mh calves are born 
with more difficulty than +/+ and mh/+ calves.
Mixed Inheritance Models and Genetic Parameters
The model accounting for mh effects best fit due to 
a lower Akaike information criterion value (200,326.91 
vs. 200,583.62). This result reinforces the importance of 
fitting major genes as random effects using mixed inher-
itance models. Nevertheless, the heritability estimates 
did not present substantial changes by fitting mh geno-
types. We observed 0.01 points higher difference in di-
rect GL (0.33 vs. 0.32) and 0.01 points lower difference 
in maternal GL (0.07 vs. 0.08). The other heritability es-
timates were exactly the same for both models (Table 7).
Gestation length direct heritability was smaller than 
the range observed in the literature (0.33 vs. 0.59 [Crews, 
2006] and 0.33 vs. 0.64 [Bennett and Gregory, 2001]). 
Calving difficulty direct heritability (0.30; Table 7) was 
at a higher level than those generally found in the lit-
erature for other breeds. Koots et al. (1994a) reported 
that genetic parameters of CD are affected by the breed 
and that heritability estimates tend to be higher for beef 
breeds than for dairy breeds. For direct CD of dams, ex-
pressed as a percentage of unassisted calving, these au-
thors reported mean heritability estimates of 0.16 and 
0.04 for beef and dairy breeds, respectively. In Braunvieh 
and Simmental dual-purpose breeds, Hagger and Hofer 
(1990) reported heritabilities of 0.17 and 0.27, respec-
tively, using a threshold model. Our estimate was lower 
than the 0.34 recently found by Vanderick et al. (2017). 
However, these authors did not included regressions on 
mh effects. The data used by these authors was differ-
ently edited and contained a high portion of bBB animals.
Heritability estimates of direct BiW (0.43; Table 7) 
were within the range of weighted mean values reported 
by Koots et al. (1994a). Direct BC heritability estimates 
Table 4. Mean (SD), number and percent of birth observed in each calving difficulty (1 to 41) categories for +/+, 
mh/+, and mh/mh dual-purpose Belgian Blue (dpBB) and mh/mh beef Belgian Blue (bBB) calves and dams
Type Mean (SD) 1 2 3 4 Total
Calf
bBB mh/mh 3.37 (1.15) 203 (0.75%) 75 (0.28%) 33 (0.12%) 945 (3.49%) 1,256 (4.64%)
dpBB +/+ 1.59 (0.95) 335 (1.24%) 106 (0.39%) 24 (0.09%) 49 (0.18%) 514 (1.90%)
dpBB mh/+ 1.72 (1.08) 512 (1.89%) 170 (0.63%) 25 (0.09%) 125 (0.46%) 832 (3.07%)
dpBB mh/mh 2.24 (1.33) 298 (1.10%) 117 (0.43%) 17 (0.06%) 217 (0.80%) 649 (2.40%)
dpBB unknown/unknown 1.93 (1.20) 6,060 (22.39%) 2,140 (7.91%) 522 (1.93%) 2,391 (8.83%) 11,113 (41.05%)
Unknown +/+ 1.01 (N/A2) 1 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 1 (0.00%)
Unknown mh/+ 1.31 (0.48) 7 (0.03%) 3 (0.01%) 0 (0.00%) 0 (0.00%) 10 (0.04%)
Unknown mh/mh 1.94 (1.25) 18 (0.07%) 7 (0.03%) 0 (0.00%) 8 (0.03%) 33 (0.12%)
Unknown unknown/unknown 2.43 (1.34) 4,989 (18.43%) 2,084 (7.70%) 726 (2.68%) 4,852 (17.92%) 12,651 (46.74%)
Total 2.23 (1.31) 12,424 (45.90%) 4,704 (17.38%) 1,350 (4.99%) 8,591 (31.74%) 27,069 (100%)
Dam
bBB mh/mh 3.42 (1.13) 89 (1.23%) 27 (0.37%) 13 (0.18%) 447 (6.16%) 576 (7.93%)
dpBB +/+ 1.59 (0.95) 287 (3.95%) 91 (1.25%) 21 (0.29%) 42 (0.58%) 441 (6.08%)
dpBB mh/+ 1.73 (1.09) 395 (5.44%) 132 (1.82%) 19 (0.26%) 101 (1.39%) 647 (8.91%)
dpBB mh/mh 2.18 (1.32) 227 (3.13%) 87 (1.20%) 8 (0.11%) 152 (2.09%) 474 (6.53%)
dpBB unknown/unknown 1.92 (1.19) 2,576 (35.49%) 927 (12.77%) 209 (2.88%) 988 (13.61%) 4,700 (64.75%)
Unknown +/+ N/A 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Unknown mh/+ N/A 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Unknown mh/mh N/A 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Unknown unknown/unknown 3.38 (1.11) 57 (0.79%) 37 (0.51%) 14 (0.19%) 313 (4.31%) 421 (5.80%)
Total 2.11 (1.27) 3,631 (50.02%) 1,301 (17.92%) 284 (3.91%) 2,043 (28.14%) 7,259 (100.00%)
11 = easy; 2 = easy with help; 3 = hard with help; 4 = caesarean section.
2N/A = non applicable.
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were smaller than the value reported by Gengler et al. 
(1995; 0.43 vs. 0.80). This difference might be ex-
plained by the mh regressions taken into account in our 
study. Here, it became clear that this major gene plays 
an important role in its expression, and extremely high 
heritability of BC might be due to genetic evaluation 
bias toward animals from lines expected to be superior.
Maternal heritability estimates were 0.07, 0.08, 
0.11, and 0.04 for GL, CD, BiW, and BC, respectively. 
These results reinforced the need to account for ma-
ternal effects in genetic evaluations of dpBB cattle. 
Table 5. Mean (SD), number, and percent of birth observed in each body conformation score (1 to 91) categories 
for +/+, mh/+, and mh/mh dual-purpose Belgian Blue (dpBB) and mh/mh beef Belgian Blue (bBB) calves and dams





















































































































































































































































































































































































































































11 = very low; 2 = low; 3 = medium low; 4 = medium; 5 = medium high; 6 = high low; 7 = high medium; 8 = high; 9 = very high.
2N/A = non applicable.
Figure 1. Mean frequency of +/+ (▲), mh/+ (■), and mh/mh (♦) 
genotypes by birth year in pedigree from 1988 to 2016.
Single gene effect in genetic evaluations ◊
Vanderick et al. (2017) recently documented the im-
portance of maternal effects in multibreed (Holstein × 
Belgian Blue) populations. These authors reported 
maternal heritability estimates of 0.08 and 0.09 for CD 
using different multibreed models.
In general, estimated correlations between direct 
GL and all direct or maternal traits were similar to those 
reported in the literature, especially the correlation be-
tween direct GL and direct BiW (0.32 vs. 0.34 [Crews, 
2006] in Charolais cattle and 0.32 vs. 0.36 [Bennett and 
Gregory, 2001] in 12 purebred and composite popula-
tions). As expected, direct (0.67) and maternal (0.29) ge-
netic correlations were positive between BiW and CD. 
Those values indicate that higher BiW implies greater 
difficulty calving. Our estimates were smaller than the 
weighted mean values of −0.74 (direct) and −0.60 (ma-
ternal) reported by Koots et al. (1994b). Note that dif-
ferences in sign were due to inverse CD classification. 
These authors also reported smaller mean values for the 
direct-maternal genetic correlation for CD (−0.44 vs. 
−0.67; Table 7) and BiW (−0.59 vs. −0.65; Table 7).
Selection for Calving Difficulty
The potential impact of selection can be appreci-
ated through estimated polygenic direct and maternal 
additive genetic effects. The CGV for CD (27.80%) 
was higher than for GL (1.22%) and BiW (9.86%) and 
lower than for BC (28.82%). In general, fertility traits 
have poor recording and low heritability estimates, 
which hinder the identification of genetically superior 
animals. Moderate CGV estimates of CD in the pres-
ent study might overcome this situation because it may 
suggest that large genetic variability of birth traits was 
present in dpBB and that genetic improvement is pos-
sible through selection on polygenic effects.
An important phenotypic difference in CD was 
observed between dpBB and bBB strains, especially 
between dpBB having 1 or no copies of the mh allele 
(Table 4). This might result from the different selec-
tion processes between herdbook strains in all traits 
(Fig. 2 to 5). The genetic makeup of dpBB and bBB 
was similar at herdbook separation time, but since 
1980, these types evolved due to BiW and CD reduc-
tion in dpBB animals.
Despite the negative genetic correlation between 
direct CD and maternal BiW (−0.31; Table 7), dpBB 
breeders succeeded in direct effects selection to de-
crease BiW and calving difficulties (Fig. 3 and 5). 
This selection process for direct BiW and CD kept 
the maternal effects quite stable. In bBB selection for 
direct and maternal genetic additive effects, BiW re-
mained stable whereas CD decreased in the past few 
years (Fig. 3 and 5). These results showed that ma-
ternal calving breeding values in bBB and dpBB are 
quite similar and that differences in CD depend more 
on alleles transmitted to calves or direct genetic ef-
fects (Fig. 3 and 5). Another explanation might be the 
constant increase in the number of breeders (breed-
ing for +/+ or mh/+ cows) in official milk recording. 
Therefore, the negative genetic correlation between 
direct CD and maternal BiW may have occurred due 
to the presence of new herds over time and not be-
cause of selection.
Table 6. Significance levels of estimated additive and dominance mh allele substitution for gestation length (GL), 
birth weight (BiW), body conformation score (BC), and calving difficulty (CD)
Type of 
animal
GL BiW BC CD
Additive Dominance Additive Dominance Additive Dominance Additive Dominance
Calf 2.47 (P < 0.05) 2.48 (P < 0.05) 1.49 NS1 2.45 (P < 0.05) 2.48 (P < 0.05) −2.48 (P < 0.05) 2.46 (P < 0.05) 2.45 (P < 0.05)
Dam −8.50 (P < 0.001) 8.61 (P < 0.001) −8.69 (P < 0.001) −8.62 (P < 0.001) 8.67 (P < 0.001) 8.63 (P < 0.001) 8.69 (P < 0.001) −7.69 (P < 0.001)
1NS = not significant.
Table 7. Heritabilities (diagonal) and genetic correlations for direct and maternal effects and between them (off 
diagonal) for gestation length (GL), birth weight (BiW), body conformation score (BC), and calving difficulty (CD)
DIRECT MATERNAL
GL BiW BC CD GL BiW BC CD
Direct GL 0.33 ± 0.04 0.32 ± 0.07 0.15 ± 0.04 0.09 ± 0.07 −0.11 ± 0.09 −0.14 ± 0.01 −0.07 ± 0.01 0.11 ± 0.01
Direct BiW 0.38 ± 0.03 0.62 ± 0.04 0.67 ± 0.06 −0.36 ± 0.03 −0.59 ± 0.04 −0.58 ± 0.05 −0.17 ± 0.01
Direct BC 0.43 ± 0.02 0.62 ± 0.04 −0.30 ± 0.02 −0.40 ± 0.03 −0.64 ± 0.06 −0.14 ± 0.01
Direct CD 0.30 ± 0.03 −0.05 ± 0.01 −0.31 ± 0.02 −0.44 ± 0.02 −0.44 ± 0.06
Maternal GL 0.07 ± 0.02 0.64 ± 0.13 0.45 ± 0.15 0.04 ± 0.10
Maternal BiW 0.11 ± 0.02 0.77 ± 0.12 0.29 ± 0.12
Maternal BC 0.04 ± 0.01 0.25 ± 0.15
Maternal CD 0.08 ± 0.02
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Recent Genetic Evaluation
Even if dpBB is a single herdbook type, different 
breeding strategies according to herds and regions ex-
ist regarding genotypes at mh locus. The analysis of 
mean breeding values, weighted by corresponding reli-
abilities, showed that direct effects were −0.59, −0.45, 
and 0.49 for CD and −1.83, −1.21, and 2.29 for BiW 
for +/+, mh/+, and mh/mh animals, respectively. It ap-
peared that selection for CD over the years was strongly 
applied to reduce the negative impact of mh in calves 
(Fig. 6) and dams (Fig. 7). This may happen because 
animals carrying a double copy of the muscular hy-
pertrophy gene (mh/mh) are more susceptible to stress, 
respiratory disease, and dystocia (Grobet et al., 1997).
Regarding maternal genetic effects, mean weight-
ed breeding values were 0.03, −0.02, and −0.15 for CD 
and 0.30, 0.11, and −0.61 for BiW for +/+, mh/+, and 
mh/mh animals, respectively. These results showed 
that genetic evaluations of such traits require models 
Figure 2. Genetic trend means (breeding values) of gestation length 
for dual-purpose Belgian Blue direct (▲) and maternal (∆) effects and beef 
Belgian Blue direct (♦) and maternal (◊) effects.
Figure 3. Genetic trend means (breeding values) of birth weight for 
dual-purpose Belgian Blue direct (▲) and maternal (∆) effects and beef 
Belgian Blue direct (♦) and maternal (◊) effects.
Figure 4. Genetic trend means (breeding values) of body conforma-
tion score for dual-purpose Belgian Blue direct (▲) and maternal (∆) ef-
fects and beef Belgian Blue direct (♦) and maternal (◊) effects.
Figure 5. Genetic trend means (breeding values) of calving difficulty 
for dual-purpose Belgian Blue direct (▲) and maternal (∆) effects and beef 
Belgian Blue direct (♦) and maternal (◊) effects.
Figure 6. Genetic trend means (breeding values) of calving difficulty for 
dual-purpose Belgian Blue (dpBB) and beef Belgian Blue (bBB) calves ac-
cording to the presence of muscular hypertrophy allele (mh/mh, mh/+, or +/+). 
Figure 7. Genetic trend means (breeding values) of calving difficulty 
for dual-purpose Belgian Blue (dpBB) and beef Belgian Blue (bBB) dams ac-
cording to the presence of muscular hypertrophy allele (mh/mh, mh/+, or +/+). 
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accounting for all of those effects to provide unbiased 
and more accurate EBV.
Implications
In summary, it appeared that dpBB heterogeneity 
regarding double muscling was responsible for major 
variations in birth traits, mainly through the genotype 
status of the calf. Moderate coefficient of direct addi-
tive genetic variation in CD allowed mass selection to 
be successfully applied by dpBB breeders during the 
last 30 yr. Unfortunately, the presence of mutation at 
the mh locus seemed to be responsible for some confu-
sion in sire evaluation.
Over the years, genotypes have been progressively 
used by breeders and higher selection intensity has 
been applied in mh/mh sires for CD. On the other hand, 
fewer constraints were applied for +/+ sires, because 
no mh/mh calves are expected in the first generation 
and the chances to have mh/mh animals in subsequent 
generations were not taken into account in the past. 
Given the small size of the population, breeders are 
now aware of the importance of having global objec-
tives in selection. To achieve this goal, the use of mixed 
inheritance models appeared to be a good solution be-
cause it provides a nearly unbiased estimation of poly-
genic contribution, independent from the sire genotype. 
Perfect biasness would require perfect knowledge of 
all genotypes. Nevertheless, mixed inheritance models 
using observed or predicted gene content is a viable 
option for efficient genetic evaluation systems.
Some measurements, such as internal pelvis 
height and width, are planned to better define the ma-
ternal calving ability and its relationship with calf phe-
notypes. In the near future, a global economic index 
will be available for dpBB breeders, further balanc-
ing functionality (including direct and maternal CD) 
and milk and beef production. To this end, studies 
have already been reported explaining how to assess 
the effect of the muscular hypertrophy gene for eco-
nomically important traits (Gengler et al., 2007) and 
the feasibility of a joint genetic evaluation for CD in 
mixed populations (Vanderick et al., 2017).
Conclusion
Dual-purpose Belgian Blue double muscling is re-
sponsible for major variations in birth and conformation 
traits. The presence of mutation at the mh locus seemed 
to be responsible for some confusion in sire evaluation. 
However, the use of mixed inheritance models appeared 
to be an alternative to provide unbiased estimation.
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